Abstract. The paper presents the thermal performance comparison between two types of solar air collectors, with and without porous absorber material. In order to simulate the transient processes which occur in the collectors two mathematical models were developed. Each model consists of a set of time dependent equations which describe the energy balance for the main components of the collector considering time-dependent thermophysical properties and heat transfer coefficients. The theoretical models were validated by experimental data obtained from measurements performed in different meteorological conditions characteristic to the city of Bucharest -Romania (latitude 44°26 0 N, longitude 26°6 0 E). Good agreement between the simulation results and experimental data was achieved.
Introduction
Solar air heaters are one of the potential applications of solar energy in the world, such as space heating and drying of agricultural products. The suitable design is the key issue to a cost-effective solar air heater which leads to increased useful energy gain.
The basic types of the solar air collectors are the single pass with front duct or rear duct [1] . Several designs of solar air heaters have been proposed and discussed in literature. One of these designs is a double-pass flat plate solar air collector. The double-pass flow type of solar air collectors have been used to increase the heat-transfer area, which leads to improved thermal performance of the solar air collector [2, 3] . Some studies [4] conducted a theoretically study based on the energy and exergy which clearly showed that increasing thermal energy between the absorber plate and the air through added the porous medium, improves the thermal performances of the solar collectors. The idea of using porous medium inside the lower channel leads to an increase in the thermal efficiency of the collector around more than 30% of the collector without porous medium. Thermal performance of solar air heaters with double-pass flat plate and "V"-corrugated absorber plate under recycle operation was investigated [5, 6] . It was reported that the obtained thermal performance of "V"-corrugated collector is higher than that of the flat plate collector, due to turbulence air flow and higher heat transfer area provided by "V"-corrugated collector at the same air flow rates. The thermal performance of "V"-groove and cross-corrugated solar air collectors has been compared under a wide range of configuration and operating conditions [7] . The results show that the "V"-groove collector has lower performance compared to the cross-corrugated collector to which a transversely positioned wavelike plate was added to the bottom plate. The shape of the absorber plate in solar air collector is the most important parameter in the design of the collector. Moreover, the increasing of the absorber shape area will increase the heat transfer to the air [8, 9] .
The main objective of the present study is to investigate the thermal performance of two types of solar air collectors: "V"-corrugated porous absorber and "U"-single pass corrugated absorber, respectively. Transient mathematical models for these two types of solar air heaters operating under the same weather conditions are presented. In order to find the solution for the system of energy balance equations describing the two collector transient behaviour, a suitable computer program has been developed. To validate the theoretical model, comparisons between the experimental and theoretical results are made.
2 Description of the experimental set-up and measurement procedure
In this study, the experimental set-up was installed at Polytechnic University of Bucharest (44°26 0 North, 26°6 0 East). It included two geometrically similar collectors, one with "V"-porous absorber plate made of soft steel with two layers of a mesh wire (0.7 mm thickness) and the other with "U"-corrugated absorber plate made of aluminium (0.35 mm thickness) ( Fig. 1 ). Both the collectors were placed together and facing southwards at an angle of inclination with the horizontal equal to 55°. The dimensions of the two collectors are 1.4 m Â 0.7 m Â 0.08 m. Single normal window glass of 3 mm thickness was used as cover for both collectors. The temperatures of the air inlet, outlet and inside the collectors were measured by 2, 4 and 16 thermal transducers distributed evenly, on the inlet, outlet and the bottom surface of the absorber plates, respectively at identical positions along the direction of flow for each collector. Two axial fans placed at the outlet of the collectors were used for air circulation. The air inlet section is positioned at the bottom of the collector and is moving upwards through the mesh wire of the porous collector type or through the single pass under the "U"-corrugated type.
Mathematical modelling
A mathematical model for unsteady state conditions has been considered in the case of each collector. A system of three equations was derived to describe the energy balance on the air, absorber plate and glass (Fig. 2) . It was considered that the air does not absorb solar radiation, the heat losses from the collectors back side are negligible, and the inlet air temperature is equal to the ambient temperature.
Energy balance equations
The system of equations for each collector is composed of three ordinary differential equations representing the energy balance for the major components: Glass cover, absorber plate and air. Hence, for the "V"-porous absorber collector in Figure 2  (a) , the system consists of equations (1) to (3), as follows:
The energy balance for the glass cover:
The energy balance for the air flowing inside the collector channel: The energy balance for the absorber plate:
where: In a similar manner, we derived the equations for the "U"-corrugated absorber plate:
The energy balance for the air flowing inside the collector channel:
The energy balance for the absorber plate:
Heat transfer correlations
The convection and radiation heat transfer coefficients from the glass cover to the ambient and sky in equations (1) and (4) were calculated according to reference [10] (used for both types of collector). Also, the radiation heat transfer coefficient between the absorber plate and the glass in equations (1), (3), (4) and (6) have been calculated using expressions taken from reference [10] (used for both types of collector). The Nusselt number used to calculate the convection heat transfer between the "V"-porous plate and air, h cp-a , has been determined with the following formula [11] :
The Nusselt number for the convection coefficient, h cp-a , from the "U"-corrugated plate to air in the case of laminar flow (Re a < 2300) [12] : 
For transitional flow (2300 < Re a > 6000) [12] :
For turbulent flow (6000 < Re a , 10 < L/D h < 400) [12] : The thermal efficiency of the solar air collectors is defined as the ratio between the energy gain and the solar radiation incident on the collector:
4 Results and discussions Figure 3 . The air temperatures are very closely following each other thus, the mathematical model can accurately predict the behavior of the two collectors. In Figure 4 is presented the thermal efficiency both experimental and theoretical for the two collectors. The fitted values of thermal efficiency from the above equations are found to agree with the experimental data within ±2.03%. The heat losses from the solar collector were neglected which may add another source of error.
Conclusion
Two types of solar air collectors; with "V"-corrugated porous absorber and with "U"-corrugated absorber plate performance were investigated theoretically and experimentally. The air flow passing throughout the holes of the porous collector contribute to increase the surface per unit volume ratio and therefore increase the thermal efficiency in comparison with the "U"-corrugated collector. A mathematical model was derived and a case study has been performed for each collector type in Bucharest weather conditions. The theoretical results were validated by comparison with the experimental data; average errors equals to 7.75% and 10.55% for solar air collector with "V"-corrugated porous absorber and with "U"-corrugated absorber, respectively. The solar air heater with porous absorber performed better in all cases, having the advantage of expanded heat transfer area and enhanced turbulence air flow.
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